A multi-site study on medical school selection, performance, motivation and engagement
Introduction university grade point averages (top-pu-GPAs), a voluntary selection procedure, or performance, motivation and engagement.
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Admission into medical school is highly competitive, and available places are generally allocated through selection [1] [2] [3] . By applying selection procedures, medical schools aim to admit motivated students who will perform well in their studies 4 . Research shows that academic records, multiple mini-interviews (MMIs), aptitude tests, situational judgement 3 . A recent review has indicated the need for the investigation of combinations of selection tools, rather than selection tools in isolation, as well as the need for multi-site studies 3 . The aim of this study was to investigate the associations of various admission processes, various combinations of selection tools and participation in a voluntary selection procedure (as opposed to
In addition, we investigated associations with motivation and engagement because these variables are deemed important for the learning and performance of students [5] [6] [7] .
Motivation concerns the reasons people act in certain ways. These reasons can originate from within the person or from external factors. According to the self-determination theory (SDT), autonomous motivation (AM) is seen when one does something out of genuine interest or because of a positive valuation of the activity. On the contrary, controlled motivation (CM) is seen when one experiences internal or external pressure 8 .
5;9-15 .
(medical) students 7;16-18 and has a negative relationship with burnout 19 . Engagement is dedication, and absorption" 19 .
Because each medical school usually applies a single selection pathway for the admission of all students, admissions pathways are rarely compared in research. A three-step admission system implemented by the Dutch government has enabled researchers to
In the second step, applicants are selected using a multi-tool selection procedure. Dutch medical schools can develop their own selection procedure, providing that students are not selected solely based on academic records. Participation in the usually timeconsuming selection procedure is voluntary. When rejected, applicants automatically applicants who refrained from participation in selection 20 . 21 . Comparisons between [22] [23] [24] (although, in one study this was in only one out of the four cohorts under study 25 An overview of the collected data is provided in Table 3 . The outcome measures were academic performance, motivation and engagement. 
Motivation
and type of motivation (AM and CM). We used the concept of motivation put forth by STD 36 . AM and CM were measured with the 16-item Academic Self-regulation 37 . Scores ranged from 1 (not important at all) to 5 (very important). . Scores ranged from 1 (strongly disagree) to 5 (strongly agree). breakdown by study year is provided in Table 4 .
The Crohnbach's alpha values for reliability for the UWES-S-9, AM, CM and the SMMS-R were 0.90, 0.82, 0.84 and 0.79 respectively. Tables 6, 7 and 8, respectively. The incidence of unsatisfactory judgments for professional behaviour was too low (1.4%) to conduct further analyses.
Year-1:
Students with top-pu-GPAs obtained higher GPAs than selected students (B = 0.526, p < 0.01). Selected students reported higher strength of motivation than students associations between admission group and course credits, engagement, AM, CM and RAM.
Students with top-pu-GPAs were more likely to show good performance during their clerkships than selected students (Odds Ratio (OR) 1.218, p < 0.1). Analyses showed motivation, AM, CM and RAM.
Summary:
would outperform other students, while selected students would report higher AM and best, and selected students reported higher strength of motivation, but only in Year-1.
other students.
Year-1:
GPA, obtained course credits, engagement, AM, CM, RAM and strength of motivation.
Students who had participated in selection were more likely to show good higher engagement (B = 0.317, p < 0.05) than student who had not participated. Analyses Summary: Our hypothesis that students who participated in selection would outperform 4 students.
GPA, obtained course credits and strength of motivation. Selection C was associated with more course credits than selection procedure A (B = 3.404, p < 0.05). Procedure B was 
(22.2 %)
Note: because not all data were available for all students, not all percentages add up to 100% 
Summary:
supported for Year-1. In Year-1, type of motivation and engagement were similar among selecting students with higher GPAs and strength of motivation than Procedures A and credits.
processes and participation in a voluntary selection procedure while controlling for medical schools in relation to the performance, motivation and engagement of medical students in the pre-clinical and clinical phases of study. Students who excelled in prestudy and showed lower strength of motivation than selected students in the pre-clinical phase. This is in accordance with previous research 3;28;30;31;42-44 . Selected students did not 14;22;28 45 previous research 28 , the selected students across the three medical schools reported higher strength of motivation than top-pu-GPA students in the pre-clinical phase of the study.
was unexpected and perhaps due to the restricted range, which means that students end for controlled motivation. The mean engagement score in our sample (M=4.17), for example, clearly exceeds the score of the norm group of social sciences students (M=3.18) 46 .
Students' high AM and engagement can be maintained throughout the medical study [47] [48] [49] [50] .
Our hypothesis that students who had participated in a voluntary selection procedure would outperform and show higher AM and engagement than students who had not participated was only partly supported. Among students in the clinical phase, participation was related with clerkship performance and engagement but not with motivation. One possible explanation could be that the motivation of all students was increased by the transition from pre-clinical to clinical education. Indeed, patient contact stimulates students' motivation 9 . Students who previously chose to participate in a selection procedure, for which coping with stress and being able to combine performance. Students who had participated in selection have been found to be more emotionally stable and conscientious than students who did not 34 . Among students in in previous research, students who participated outperformed students who had not 21 .
However, they only outperformed students who had not participated in terms of course credits, not in terms of other outcomes measures, which suggests that the two groups of in selection may have become more appealing to a wider range of applicants, reducing selection procedures. Findings among the students in the clinical phase supported this.
This must be interpreted with caution, however. Relatively small group sizes might have whole, should be considered when interpreting these results 45 . The three medical schools selected at the medical school using Procedure B showed higher GPAs and strength of motivation than students selected at the medical schools that use Procedures A and C, while students selected at the university using Procedure C obtained more course credits.
Procedures B and C contain more cognitive measurements than Procedure A, during the medical schools using those two procedures because previous academic performance is the best predictor of future academic performance 3; [42] [43] [44] over the course of medical study. Another explanation may be that the characteristics of the three medical schools (selection procedure, curriculum and location) appeal to in the same city. It would be interesting to know how students with the desire to study medicine in this particular city decide which medical school to apply to. We intend to examine students' reasons for applying to a certain medical school in future research.
throughout medical study. A next important step in selection research is to follow up on the various groups of students after graduation.
Possible limitations include selection bias and response bias. Selection bias, in this study, refers to the issue that not all Dutch universities are included. However, because the universities included represent a variety of selection procedures, we believe our choice the student level. A response bias is likely because we do not know how non-responders sample were relatively small. We have taken this into account in the interpretation of university graduates in the Netherlands achieve this.
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Top performing students in pre-university education perform best in the medical study.
and engagement levels.
